Services providing practical support are a key component in the spectrum of social care assisting older people to age in place. Te Puāwaitanga o Ngā Tapuwae Kia Ora Tonu/ Life and Living in Advanced Age: A Cohort Study in New Zealand (LiLACS NZ), a longitudinal study of Māori and non-Māori in advanced age, aims to determine predictors of successful ageing and to understand trajectories of health and wellbeing. This paper investigates whether household living arrangements (living alone or with others) might explain previously reported gender and ethnic differences in support service utilisation. We had shown that women and non-Māori received more services than men and Māori despite better health. The results of analyses in this paper show that, as expected, poorer physical function led to increased service use. After controlling for functional status, household living arrangements (living alone) were the next strongest driver of service use. In a fully adjusted model, previously observed differences around gender and ethnicity were no longer significant predictors of support service use. However, gender and ethnicity do shape living arrangements in advanced age. Women in advanced age are more likely to live alone, consequently needing more outside support, whereas men are more likely to have a spouse/partner able to provide care. Māori are more likely to live in multigenerational households, the care available at home meaning they are less likely to qualify for formal support. This study points to a need for understanding how gender and ethnicity interact with living arrangements and suggests that inequities may not be absent when the presence of others in a household renders an older person ineligible for formal care.
Introduction
Services providing practical support are a key component in the spectrum of social care resources available to assist older people to live well in terms of health, quality of life and independence (Fine and Keeling, 2010) . Health and social care services should be available for those who need them, ideally with the right services provided at the right time in the right place (Ministry of Health, 2002a) . Fairness and equity are important values in service provision and social inequalities research is necessary to identify ways in which services may fall short in this respect.
A government report on reducing inequalities in health noted that '[i]n New Zealand, as elsewhere, inequalities in health exist among socioeconomic groups, ethnic groups, people living in different geographic areas, and males and females' (Ministry of Health, 2002b: 3) , with 'particular groups … consistently disadvantaged in regard to health ' (2002b: vii) . While studies of risk and protective factors dominate the literature on older people's health and health care (Kendig et al., 2014) , a body of research internationally examines socio-economic variables, identifying gender and ethnicity inequalities in both distribution and uptake of services (Moriarty and Butt, 2004; Chappell and Penning, 2005) . In considering the gender and ethnicity literature it should be kept in mind that research on health and social care is context-specific, reflecting differing policies, service organisation and cultural arrangements within and across different countries (Vlachantoni et al., 2013) .
Reporting on gender is ubiquitous in ageing research studies and reporting on ethnicity is common, yet results are seldom interrogated thoroughly (Moriarty and Butt, 2004) and gerontological researchers do not tend to reference scholarly literatures on gender and ethnicity (Gullette, 2011; Torres, 2015) . In relation to gender, international literature on ageing has identified inequalities that impact on women, in that older women's health and care needs are often found to be greater than men's, yet they may have less access to care resources; as well, they are more likely than men to have care obligations towards others (Chappell and Penning, 2005) .
Ethnicity researchers investigate the ways in which minority ethnic status gives rise to disadvantage in accessing services (Torres, 2015) . In such research the term 'ethnic minority' is often used in an all-embracing manner. Racism is a social phenomenon directed towards certain ethnic minorities, yet use of the term 'ethnic minority' may disguise real differences between ethnic groups. Indigeneity and the impacts of colonisation are one such source of difference and this is of relevance to New Zealand where indigenous Māori experience health inequalities (Ministry of Health, 2002b; Harris et al., 2006; Robson and Harris, 2007; Curtis et al., 2010; Hill et al., 2013) . The New Zealand government is constitutionally obliged to promote and protect the health of Māori, New Zealand's indigenous population, an obligation stemming from the historic Treaty of Waitangi (Reid et al., 2017) .
Inequalities in health do not only arise from stereotyping or discrimination towards particular ethnic groups, or from the material or social positioning, attributes or behaviour of particular ethnic groups. Health inequalities may play out through complex pathways that intertwine macro-social processes, such as ethnicity, with more proximate factors, such as available social support (Berkman et al., 2000) . The mediating pathways to inequalities (Ministry of Health, 2002b) have not usually been carefully identified in ageing inequalities research, with gender or ethnicity often being presented as the driver of reported differences. Moriarty and Butt (2004: 732) note that in gerontological research 'it has proved to be difficult to specify which factors [relating to inequality] arise from ethnicity and which from other important determinants of health'. Untangling these pathways is a worthwhile research goal.
One proximate factor that may intertwine with gender and ethnicity differences in support service utilisation is household living arrangements, the focus of this study. Living alone may make access to informal care difficult and signal greater need for support services (Kerse et al., 2016b) . Gender and ethnicity impact on who lives alone, with women's greater longevity and tendency to marry men older than themselves resulting in women in advanced age being far more likely to live alone than men (Holstein, 2015) . Multigenerational households are more likely amongst certain ethnic minority groups in Western countries, meaning that older ethnic minority people are less likely to live alone (Chan and Ermisch, 2015) . There are, of course, important differences amongst older people who live alone in their ability to access care. Those who are widowed with children living in the vicinity more readily access informal support than those who are single, childless or living far from other relatives, although within these latter groups there may still be strong social networks, as Allen and Wiles (2014) point out.
One study (Vlachantoni et al., 2013) , using data from the English Longitudinal Study of Ageing, examined determinants of receipt of support from a variety of sources, including informal care, and matched support against functional status, as measured by difficulties in activities of daily living (ADLs). Not surprisingly, poorer functional status was by far the strongest determinant of receipt of support generally. The next strongest determinant was marital status (being single). Vlachantoni et al. (2013) claimed that theirs is the first study to weight demographic and socio-economic characteristics as well as health status in relation to amount of support received. However, their study did not examine living arrangements (alone or with others) as a variable. Marital status, which they did include, is a near proxy for living arrangements, although older single people do not necessarily live alone and some married or partnered people may live alone, especially if their spouse/partner is in residential care.
Gender, household living arrangements and provision of care in a Swedish population in advanced age were examined by Larsson and Thorslund (2002) . They found that women with dependency needs relied more on relatives and publicly provided support than did men, who relied more on their spouses (the men were less likely to be widowed). Men received more care altogether, after controlling for functional and cognitive impairment. Interestingly, when co-residing (living with others) was controlled for, the gender disparities disappeared. The authors concluded that public care was correctly targeted towards people living alone. However, when informal and public support were added together, it was shown that people living alone (more often women) received less overall support than people living with others and were less likely to be able to remain at home.
It is unclear from the previous research whether gender and ethnicity differences in living arrangements might explain commonly observed gender and ethnic differences in receipt of support. If such patterns of living arrangement do account for such differences, then they might be put down to needs-based targeting (with those living alone having greater need for support) rather than demonstrating inequalities in distribution of services.
Te Puāwaitanga o Ngā Tapuwae Kia Ora Tonu/Life and Living in Advanced Age: A Cohort Study in New Zealand (LiLACS NZ) is a New Zealand longitudinal study of two cohorts comprising Māori and non-Māori women and men, aiming to determine predictors of successful advanced ageing and to understand trajectories of health and wellbeing in advanced age . It is the first longitudinal study worldwide of an indigenous population in advanced age.
An early finding from LiLACS NZ was that those living alone were more likely to express an unmet need for emotional support than those living with their spouse/ partner or others, although gender and ethnicity were not examined in relation to living arrangements (Kerse and LiLACS NZ, 2015) .
Associations between gender, ethnicity and social support were identified in previous research reported from the LiLACS NZ study (Kerse et al., 2016a) . They showed that women and non-Māori people of advanced age, despite being more likely to have better health status, were also more likely to receive support services than men and Māori. However, men and Māori did receive more informal care. Socio-economic deprivation was not significantly related to receipt of support services. Kerse et al. (2016a) examined functional status and a range of other variables (not including living arrangements) as predictors of receiving support services. Women's functional status was higher than men's, yet women were significantly more likely to receive support services. Lower functional status, expected to predict higher receipt of support services, did so for Māori but not for non-Māori.
Using a fully adjusted model, adjusting for age, functional status, socio-economic deprivation, time in the study, ethnic group and gender, as appropriate, gender differences in receipt of support services remained significant (women were more likely to receive such services) but ethnicity differences did not.
Other data from the same study showed that whilst Māori received significantly more informal care than non-Māori, informal care and formal support services were not substitutes for each other. Participants who received both forms of care were significantly better off, in terms of health-related quality of life.
Building on this previous work, the research presented in this paper introduces living arrangements as a variable. It explores whether already-documented gender and ethnicity differences in support service utilisation amongst Māori and non-Māori women and men in advanced age are explained by differential household living arrangements; and if so, what the implications for understanding inequalities in support service provision would be.
Specifically, the research hypothesis is that living arrangements (living alone as opposed to living with others) will explain previously observed gender and ethnicity differences in receipt of support services. It is also hypothesised that living arrangements are influenced by gender and ethnicity.
Methods/design
The sampling frame for the LiLACS NZ inception cohorts was the regional boundary of New Zealand's Bay of Plenty and Lakes District Health Board areas (excluding the Taupō area), where all Māori aged 80-90 years and non-Māori aged 85 years were identified and invited to participate in a detailed interview and physical assessment . Māori hold a very important place in the cultural fabric of New Zealand society. Within a Māori territorial context, the LiLACS NZ study embraces Maori kaumātua (elders) and their whānau (families) from the Bay of Plenty/Te Moana a Toi (the sea of Toi) and the Te Arawa region. Spanning the coast from Tauranga Moana to Te Kaha, and stretching over to Rotorua, the LiLACS NZ research sites include participation and representation from iwi (tribes) and hapū (sub-tribes) including Ngāti Ranginui, Ngāi te Rangi, Te Arawa, Ngāti Awa, Te Whakatōhea, Ngāi Tai, Tūwharetoa ki Kawerau, Tūhoe and Te Whānau ā Apanui. In Maori society kaumātua have vital leadership roles in their whānau and are often expected to perform duties within the wider whanau and tribal community. They are respected for their age and accumulation of knowledge and often feature in traditional Māori stories as nurturers of the young and holders of knowledge that is passed on intergenerationally (Durie, 1999) . The age selection criterion was different for the two cohorts since Māori life expectancy at birth is seven years lower than for non-Māori and so a broader age range was needed to achieve equivalent numbers in both cohorts.
A total of 937 participants, 421 Māori and 516 non-Māori agreed to participate. Of the 516 non-Māori participants, nearly all were of New Zealand European descent (89%), 10 per cent identified as other European and 1 per cent were Pacific, Asian or Middle Eastern. Gender and age distribution for Māori matched the general population in their age group; for non-Māori, more men than expected were recruited. Other ways in which the cohorts are representative of the wider New Zealand population are described elsewhere (Dyall et al., 2013; . Data collection occurred annually until the sixth wave. This research study uses data from the first four waves only (2010-2013 inclusive) . At Wave 4 the total number of participants in both cohorts was 438 participants. Death, illhealth or no longer being willing to participate were the main reasons for dropping out of the study and those retained differed from those who dropped out in that they were more likely to have been assessed in earlier waves as functionally independent and were less likely to be depressed .
Participants were interviewed using either a full questionnaire or a shorter version, the core questionnaire. Detailed questions around care and support were asked only in the full questionnaire; consequently, only data from participants responding to the full questionnaire are used in the analysis for this paper. In the inception cohort (Wave 1), 671 participants (72% of the total) completed the full questionnaire; of these, 56 per cent were women and 40 per cent Māori. At Wave 4, the total number of participants in both cohorts numbered 438 participants, with 363 (83% of the total) completing full questionnaires; 32 per cent of these were Māori and there continued to be 56 per cent women. The average age of Māori completing the full questionnaire in the inception cohort was 82 and non-Māori 85 years. Those who completed full questionnaires, as compared to core questionnaires, were more functionally able and less likely to be living in residential care. For the purposes of this investigation those living in residential care (only 3.4% of the total at Wave 1) were removed from analysis, since they were not eligible for the type of support being examined, that is, support that enables people to continue living independently in home situations.
Instruments/data collection
Data for the cohort study were collected on a wide range of topics relating to health, function, independence, quality of life, contributions and care, as well as environment, social and cultural matters. Of particular relevance to this paper are data collected on living arrangements (living alone or with others); receipt of support services and informal care; and function, as measured by ADLs via the Nottingham Extended Activities of Daily Living Scale (NEADL) (Essink-Bot et al., 1997). Socio-economic status was measured by the New Zealand Deprivation Index (NZDepIndex) (Salmond et al., 2007) .
Definition of support services
Internationally there are differences in the terminology, types and funding of support provided to older people. The term 'social care' is often used, defined by Lay-Yee et al. (2016) as 'assistance in the activities of daily living'. In the LiLACS NZ study support services are defined as services other than direct health care that are aimed at helping people live independently in their own homes and communities. These include home help for housework, shopping or gardening, and personal care, such as help with dressing, bathing, eating, taking medication or toileting. In New Zealand, these services may be funded in full or in part by the public health or social welfare system, the Accident Compensation Corporation, charities, churches or through (co)-payment by participants. Support services are distinguished from informal care which is defined as receiving unfunded help or assistance with ADLs from whānau/family either in the same household or outside the household. Of course, informal care and formal support services may complement or substitute for each other.
Analysis strategies
Descriptive statistics for each cohort at baseline (Wave 1), broken down by gender, provide data on age, marital status, household living arrangements and socioeconomic status (Table 1) . Data on household living arrangements by ethnic status and gender from Waves 1 and 4 are presented in Figure 1 . Receipt or non-receipt of support services is tabulated by functional status (Table 2 ) and living arrangements (Table 3) across Waves 1-4, broken down by gender and ethnic status and showing confidence intervals. A fully adjusted model is presented in Table 4 , relating receiving or not receiving support services to age, gender, social deprivation, living arrangements and functional status. Adjusted and unadjusted odds ratios and confidence intervals are presented. The unadjusted odds ratios are for separate repeated-measures generalised linear models with only the corresponding variable as a predictor. The adjusted odds ratios and p-values are for the corresponding variable when included in a singly repeated-measures generalised linear model with all the other variables listed in the table as covariates.
Results

Ethnicity, gender, marital status and household living arrangements
Demographic data on gender, marital status and household living arrangements for LiLACS NZ full questionnaire participants in the inception cohort (Wave 1) are presented in Table 1 , categorised by ethnic group and gender (Māori women and men and non-Māori women and men). These data show a higher predominance of women in the Māori cohort than the non-Māori cohort. Māori participants were slightly younger on average (selection criteria allowed for a broader age range for Māori than non-Māori), with an average age of 82 compared to 84 years for non-Maori. Gender disparities in marital status were striking, with a far higher percentage of women than men widowed. This was especially so for Māori women, around three-quarters of whom were widowed. These marital status disparities were echoed in living arrangements. Non-Māori women formed the largest group living alone, followed by Māori women and non-Māori men, and then Māori men, who were least likely to live alone. More men than women lived with their spouse/partner and no others, this being the case for more than half of non-Māori men and nearly 40 per cent of Māori men. A far greater percentage of Māori than non-Māori shared a household with 'spouse/partner and others' or 'others'. Around two-thirds of Māori lived in lower socio-economic neighbourhoods, as measured by the NZDepIndex, compared to less than one-third of non-Māori. Figure 1 shows changes in living arrangements over time (data from Waves 1 and 4 of the study). At Wave 1, just over half of Māori women lived alone compared to around two-thirds of non-Māori women; 26 per cent of Māori men and 33 per cent of non-Māori men lived alone. By Wave 4, half of Māori women lived alone (48%) but the percentage of non-Māori women who lived alone had increased to 73% per cent. Non-Māori men continued to live alone at around the same rate as in the first wave (34% versus 33%), while Māori men were less likely to live alone (19% compared to 26%). Study data show that although more participants were widowed by Wave 4, there was an increase in participants living with non-spousal others (not including those in residential care, since they were excluded from this investigation); there were also fewer participants at Wave 4, some having died and others no longer participating.
Gender, ethnicity and support services Table 2 presents data on receipt of support services by ethnic group and gender as well as receipt of support services by functional status (as measured by NEADL), ethnic group and gender over all four cohort waves. It shows that more women than men received support services and more non-Māori than Māori. For women, but not for men, use of support services increased over time in the study. Bringing functional status into the picture, the data show that, as expected, function was generally lower for those who received support services than for those who did not.
Living arrangements and support services
Research reviewed in the Introduction suggested that living arrangements might account for gender differentials in receipt of support services, and it may well be that the same applies to ethnicity differentials. This section presents findings relating to the main hypothesis of the study, whether living arrangements might explain the gender and ethnicity differences in receipt of support services reported in previous LiLACS NZ publications. Table 3 presents data on changes in support received over time by living arrangements, gender and ethnic group. For most participants who lived alone, there was an increase in receiving support services from Wave 1 to Wave 4. The increase was from 49 to 57 per cent for Māori women, 59 to 72 per cent for non-Māori women, 54 to 71 per cent for Māori men and 66 to 84 per cent for non-Māori men.
In contrast, for those living with their spouse/partner and no others, support services declined over the four waves of the study, from 34 to 33 per cent for Māori women, 54 to 53 per cent for non-Māori women and 41 to 32 per cent for non-Māori men, the exception being for Māori men living with their spouse/ partner and no others, for whom support services increased from 29 to 44 per cent.
These changes over time showed a widening gap in receipt of support services between men and women, with men who lived alone receiving increasing support. The picture is less clear for those who lived with spouses/partners, but the overall lack of increased support over time suggests that, given declining function in the study members, spouses/partners (more often women) and whanau/families may have shouldered an increasing amount of care. Non-Māori men, by Wave 4 in the study, accounted for around half of the study population living with a spouse/partner alone, and the support they received declined over time.
The other living arrangements, living with spouse/partner and others, or living with others only, were related to intermediate amounts of support service receipt, except for some discrepancies where there were very small numbers in the relevant sub-group. Table 4 presents a multivariate analysis of receipt of support services, adjusting for age, functional status and socio-economic status (NZDepIndex), as well as ethnic group, gender, living arrangements and marital status. Both unadjusted and adjusted odds ratios are presented, along with confidence intervals and p-values. The results suggest that functional status most strongly predicts receipt of support, but that living arrangements (alone or with others) are also a strongly significant predictor. Marital status (married or partnered, widowed or single not widowed) does not function as a proxy for living arrangements, as differences in marital status did not achieve significance at a greater than 0.1 level in relation to receipt of support. Using this adjusted model, it is found that gender and ethnic group predict support less strongly.
Discussion
These results have shown that living arrangements (living alone or with others) do indeed seem to be a significant pathway through which apparent inequalities in support service receipt in advanced age are mediated. While functional status was the most significant determinant of support service receipt across the whole of the study, household living arrangements were also very significant, more so than gender or ethnic group. So, support services were most likely to be given to people needing support who lived alone, gender or ethnicity playing no, or only a small part, in such provision. The implication is that living arrangements in advanced age may often account for the gender and ethnicity differences noted in research on health and social services where data were not adjusted for living arrangements.
However, caution is required in understanding fairness or inequity in service provision for older people, because living arrangements in advanced age are themselves strongly related to gender and ethnicity. More women than men from our study were living alone, and Māori are less likely to live alone than non-Māori. This pattern is socially and culturally shaped. Women have tended to marry men older than themselves and this, combined with their greater longevity, means that they are more likely than men to experience the loss of a spouse or partner and, consequently, often live alone for lengthy periods during advanced age. Māori are more likely than non-Māori to live in multigenerational households, with tradition and economic disparities likely contributors to this difference.
Living arrangements are less frequently explored in ageing research than gender and ethnicity, with some of the few studies examining such interactions cited in our Introduction. This is understandable, since gender and ethnicity are fundamental determinants of social identity and life circumstances. Yet the impact of living arrangements on older people deserves research attention and, as we have argued, caution is warranted in interpreting findings lest they appear to dissolve gender and ethnicity differences and inequities. A framework such as the one provided by Berkman et al. (2000) can help to understand pathways to support for people in advanced age and their care-givers. They describe a cascading process where 'upstream' macro-social processes including inequalities and discrimination impact further 'downstream' on social arrangements such as housing and access to health care, as well as working through psychological mechanisms, such as help-seeking behaviour. Their model pictures the delivery of services in a milieu of social and health factors influencing and interacting with one another. Using this framework, living arrangements in advanced age can be considered as an intermediary pathway towards receipt of support, a pathway that has been shaped by gender and ethnicity.
In assessing the need for state-provided support, living arrangements are usually taken into account; indeed, state provision has often been designed for those who are alone without immediate relatives to care for them (Sundström et al., 2006) . Our study suggests that support services were distributed fairly, if living arrangements were part of the criteria for receipt of support. But one should still ask whether distribution of support influenced by living arrangements is free of inequity, since it involves displacing the work of care on to informal carers (Wiles, 2003) . Because of the demographics we have noted, this puts more of the burden of care on women and Māori, since they are more likely to live in the same household as people of advanced age. Further, as mentioned earlier, LiLACS NZ findings reported elsewhere showed that informal care and formal support services are additive, in that using both types of care increases health-related quality of life amongst people in advanced age (Kerse et al., 2016a) .
A key finding from a recent micro-simulation exercise intended to provide policy options for the future of New Zealand aged-care services was that reducing residential care would lead to only moderate increases in the utilisation of informal and formal care (Lay-Yee et al., 2016) . However, social and demographic trends amongst the age groups likely to be giving care to ageing New Zealanders in the coming decades may mean less availability of informal care. We support the conclusion of that study, that increased support for informal care-givers should be a justifiable component in formal support services.
This paper argues that macro-social processes, such as gender and ethnicity, impinge on support service utilisation and need to be considered in attempts to shift the balance of care, lest inequalities be strengthened. In New Zealand, women and Māori already shoulder a higher proportion of informal care for older people, a fact arising both from social and familial arrangements (gender roles, cultural obligations) and mediated via household living arrangements (men and Māori being more likely to live with others). People who live alone receive more formal support, which is understandable. However, older people who live with others may also benefit from formal support in addition to the care available within the household.
Conclusion
Research on inequities in health and social services for older people can benefit by including living arrangements in the examination of gender and ethnic differentials. Theoretical understandings of social causation, such as the framework for health and social support provided by Berkman et al. (2000) , provide a context. Future research could assist more sophisticated rebalancing of care, helping people in advanced age and those who care for them live well, regardless of gender, ethnicity or other potential sources of inequity.
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